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IMHIBITIOH OF REPLICATION FACTOR C 
The present invention relates to the use and 
provision of an inhibitor of the large subunit of 
replication factor C [RFC (pl40)), and particularly an 
inhibitor of its interaction with the RelA (p65) NF-kappa 
B subunit, for the treatment of various medical 
conditions by inducing apoptosis of cells involved 
therein • 

NF-kB is an important regulator of inflammation, 
proliferation and apoptosis and its activation integrates 
a large number of cellular stimuli with changes in gene 
expression 1,z . Activation of NF-kB homo- or 

heterodimers requires their translocation from the 
cytoplasm to the nucleus and occurs in response to a 
large number of diverse stimuli 2 , NF-xB subunits have 
many functions , which can be determined by the 
circumstances of their activation l * 3 . Prominent amongst 
these is the ability of the RelA subunit to function as 
an important regulator of proliferation and apoptosis 4 . 
RelA can either induce or inhibit these processes 
dependent on the context in which it is found. For 
example, RelA containing complexes have been found to be 
anti-apoptotic in response to tumour necrosis factor 
alpha (TNF) stimulation and DNA damage induced by 
ionising radiation and chemotherapeutic agents *« 4 . In 
contrast, NF-kB has been described as being pro-apoptotic 
following DNA damage, by ultraviolet (UV) light and 
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activation of the tumour suppressor p53 1 . The present 
inventors have been investigating the cellular factors 
that can determine this decision making process. The 
specificity with which RelA stimulates gene expression is 
dependent upon its interactions with transcriptional 
coactivators and other DNA-binding proteins l < 3 . The 
present inventors have investigated the ability of the 
RFC (pl4 0) subunit to function as a regulator of RelA. 
RFC was originally described as a, pentameric complex, 
which, during the process of DNA replication and repair, 
facilitates the addition and removal of PCNA 5 . Recent 
results, however, have suggested more dynamic and diverse 
cellular functions for RFC (pl40). It has been observed 
in a large complex, termed BASC, which contains the 
breast cancer susceptibility gene BRCA1 and components of 
the DNA-repair machinery 6 . . RFC (pl40) also contains an 
LXCXE motif through which it binds the retinoblastoma 
tumour suppressor protein (Rb) and has a pro-survival 
function following UV stimulation 7 . Rb and BRCA1 are 
important ~ regurators* ~" of " ' trVnscript ion" ~ and " " interact" 
directly with DNA-binding proteins such as E2F and p53 
respectively 8*10. The present inventors were 

interested, therefore , in whether RFC (pl40) might also 
regulate the activity of cellular transcription factors 
that control cellular proliferation and apoptosis. 
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Generally, the invention concerns inhibition of the 
function of the large subunit of replication factor c, 
RFC (pl40) . Such inhibition results in the repression of 
the transcriptional activity of the RelA(p65) NF-kappa B 
subunit- It also results in RelA induced apoptosis, 
suggesting that the. inhibition of RelA transcriptional 
activity might be limited to genes associated with 
preventing apoptosis. This has the effect of converting 
RelA (and therefore NF-kappaB) from being a transcription 
factor that is anti-apoptotic to one that stimulates, cell 
death. 

It is known that inhibitors of the NF~kappa B 
pathway have the potential to treat cancer and 
inflammatory disorders. However, inhibitors that affect 
the complete pathway may potentially have adverse side 
effects. The invention describes for the first time that 
the interaction between RFC and NF-kappaB via RelA is 
required to prevent cell death from occurring. 

In particular, the present invention provides an 
inhibitor of RFC (pl4D) activity (and particularly of the 
interaction between RFC (p!4 0) and RelA) for use in the 
treatment of a medical condition by the inducement of 
apoptosis of cells involved in the medical condition. 

A corresponding method of treating a mammal is also 
provided. 
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The inhibitor nay be an inhibitory fragment of RFC 
(pl40), particularly RFC (Fl) or RFC (F3) ; or derivates 
thereof, such as smaller inhibitory fragments of Fl or 
F3. Alternative inhibitory agents include antisense 
constructs comprising nucleotide sequences antisense to 
the RFC (pl40) coding sequence or RFC (Fl) or (F3) 
sequences. Additionally siRNA nucleic acid corresponding 
to a portion of the RFC (pl4Q) mRNA sequence or RelA mRNA 
sequence. Examples of such siRNA sequences (sense strand 
only) are disclosed hereinafter. 

These inhibitors may work through disrupting the 
RelA/RFC(pl40) interaction or by inhibiting the 
functionality of the RelA, RFC (p!4 0) complex. 

The invention also . provides a pharmaceutical 
composition which comprises an inhibitor of RFC (pl40) 
and a pharmaceutical^ acceptable carrier. Suitable 
carriers are known in the art. 

The invention further provides a method of screening 
for an agent for inducing apoptosis, which comprises 
assessing a compound for its ability to inhibit RFC 
(pl40). 

In vitro and in vivo screens are provided by the 
present invention. 

The present inventors have observed that over 
expression of RFC inhibitory fragments in the presence of 
the RelA subunit, resulted in cell death in 293 cells. 
This observation could be exploited to create a cell 
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based assay for molecules that had a similar effect. An 
example of a suitable screen would be as follows: 

The cells used could be either for example (a) 293 
cells transiently transfected with RelA or (b) 293 cells 
(or other cells found to support this effect) containing 
a chromosomally integrated RelA expression construct , 
such as a plasroid. This latter case would have the 
advantage of consistency during the assay since transient 
transfection conditions can vary and expression levels 
change depending on the time after transfection. The 
RelA could also be inducible, under the control of for 
example a tetracycline or IPTG regulated promoter. This 
would allow direct determination of the RelA dependency 
of any molecules isolated in the same cells (which would 
also be an advantage in terms of consistency) . 

The compounds to be screened could be added to cells 
over expressing RelA and/or control cells. The end point 
of the screen would be cell death (apoptotic or 
otherwise) . The purpose would be to seek to identify 
molecules that killed cells in the presence of over 
expressed RelA but had no, or limited effect on control 
cells. ThUB RelA dependent inducers of cell death would 
be isolated, mimicking the effect of RFC (pl40) 
fragments. These would be taken for further studies and 
evaluation of potential clinical use. 
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The present inventors have observed that cell death 
depended on using unfiltered serum (suggesting that the 
NF-kB/RFC cell death effect results from increased 
sensitivity to a component of serum) . It is preferred 
that that the serum used for a screen be consistent and 
validated for supporting this effect. Molecules that 
mimicked the RFC fragment cell death effect could be 
subsequently tested for serum dependence. Molecules that 
functioned in a serum independent manner may be 
considered as being more potent and potentially 
efficacious. 

(2) In vitro assay for inhibition of RelA/BFC (pl40) 
interaction. An explanation for the RelA dependent cell 
death effects of RFC (pl40) fragments in vivo is that 
they disrupt the interaction of RelA with endogenous, 
full length RFC (pl40) . A standard immunassay such as an 
ELISA based assay could be provided to isolate molecules 
that also disrupt this interaction. 

Typically a first purified protein would be 

-immobi-la-sed - on -a-- -substrate -This- could- -be.. .either. _ (a.) _ 

Full length RelA or the RelA amino terminal Rel Homology 
Domain (RHD) which has been shown to bind RFC (pl4 0) in 
vitro, or (b) ' Full length RFC (pl40) or RFC (pl40) 
fragments l or 3, which are shown to interact separately 
with RelA. These proteins may be generated by 

recombinant means such as by expression in bacteria such 
as Escherichia Coli or insect such as, sf9 f cells, 
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followed by subsequent purification by conventional means 
utilising for example a tag, such as GST or His, 

After preferential blocking with non specific 
proteins (to prevent binding of proteins added 
subsequently to the substrate) , the second partner 
protein would be added to the substrate. This could be 
in a suitable medium such as a buffered medium eg. 
phosphate buffered saline. This second protein would 
also be one of those listed above. Thus, if RelA or 
fragment thereof was immobilised on the plate then the 
second protein would be derived from RFC (pl40) and vica 
versa . 

Test molecules may be added at the same time as 
addition of the second protein (or alternatively be 
preincubated with one of the target proteins) . After a 
period of incubation, the RelA/RFC interaction may be 
detected for example using an antibody to the second , non 
immobilised, protein. A second antibody, conjugated to a 
suitable detection molecule (e.g. alkaline phosphatase) 
would then be used to produce a signal, indicative of the 
presence of an interaction, which could be quant itated. 

Molecules that disrupted the RelA/RFC interaction 
could be considered those most likely to be of clinical 
use. However any molecules that enhanced the interaction 
might also be of interest, however (protein: protein 
interactions in vivo are often dynamic and enhancement of 
an interaction might also have a clinically useful 
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outcome) . 

Further refinement of any molecules isolated in this 
screen could be accomplished by solving the 
crystallographic 3D structure of the RelA/RFC interaction 
(either full length proteins or fragments or with the 
inhibitory molecule itself) and subsequent molecular 
modelling. 

RFC (pl4 0) . also interacts with other proteins 
including, but not limited to, other RFC fragments, PCNA, 
retinoblastoma, p53 and c/EBP alpha. Molecules isolated 
above could be tested in similar assays to determine 
specificity. In addition, screens could be devised to 
disrupt these other interactions. It is possible that 
the combination of, for example, a molecule that 
specifically disrupted a p53/RFC interaction and a 
molecule that disrupted a RelA/RFC interaction might be 
the most useful in a clinical setting. 

Evaluation of clinical usefulness 

— : This-evaluation-wouid- ini.tiall.y_.be .to. determine. the_ 

effect of the molecules isolated above on a wide range of 
cell lines. These could be tumour derived cells lines as 
well as those derived from inflammatory diseases. 
Control, "normal" cells would be used as a reference 
point. A positive effect would be judged as being either 
the induction of cell death or cell cycle arrest. It 
could be evaluated whether this was dependent upon NF-xB 
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(by using cells which have aberrently active NF-kB) . Any 
other dependence, such as on p53 or retinoblastoma 
protein status, could also be determined- l^ter studies 
could involve analysis of effects in animal model systems 
before clinical trials were performed. It is postulated 
that these inhibitors could be used to treat diseases 
which have aberrently active NF-kB as an underlying cause 
and where induction of cell death or cell cycle arrest 
would be a desirable outcome. NF-kB can also have 
affects on angiogenesis or metastasis so it is possible 
that other effects, not testable or observable in the 
current laboratory assays, might also be desirable 
properties of these molecules. They might also be useful 
where current treatments activate NF-kB (e.g. 
chemotherapy or radiotherapy for cancer) and where this 
activation inhibits the effectiveness of the therapy. 

Inhibitors which are identified can either be 
expressed in cells or applied exogenously using various 
techniques. 

The inhibitors may be useful in the treatment of 
cancer, particularly breast cancer and other cancers 
where NF-kappaB is found to be aberrantly active. In 
addition to breast cancer NF-kB has been found aberrantly 
active in pancreatic adenocarcinoma, melanoma, head and 
neck squamous cell carcinoma, acute lymphoblastic 
leukemia, Hodgkin's lymphoma and hepatocellular 
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carcinoma. Moreover, NF-xB activity has been associated 
with the growth, angiogenesis^ and metastasis of human 
melanoma cells in nude mice. The extent of NF-xB's 
involvement in cancer has yet to be truly ascertained, 
however, and it is entirely possible that its activation 
will prove to be a frequent occurrence, in most tumour 
types. 

The treatment according to the present invention may 
advantageously be used in conjunction with traditional 
cancer therapies (ie. chemotherapy and radiotherapy) 
which have been shown to activate NF-kappaB, and where 
this NF-kappaB activation reduces the effectiveness of 
the therapy (by preventing cell death) . 

The inhibitors may also be useful in treatment of 
proliferative diseases such as occur in. some skin 
disorders and inflammatory diseases such as rheumatoid 
arthritis or inflammatory bowel disease. They may also 
be applied to diseases caused by viruses, such as human 
immunodeficiency virus l(HIV-l) which is the causative 

agent -of- ATDS7 ~where- NF-kappaB has -been shown- to- -play an 

important role. These compounds might also prove useful 
in the treatment of neurodegenerative diseases, such as 
Alzheimer's disease, where a role for NF-kappaB has also 
been indicated. 

The present invention thus also extends to the use 
of an agent which disrupts an interaction between RelA 
and RFC (pl40) for the manufacture of a medicament for 
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use in therapy such as the treatment of diseases 
mentioned hereinabove. 

Embodiments of the invention will now be described 
by way of example only and with reference to the Figures 
which show: 

Figure 1 : RFC (pl40) regulates RelA and p53 

transactivation . 

(A) U20S cells were transfected with the 3 x kB ConA 
lucif erase reporter plasmid (1.5 ug) and the indicated 
RSV RelA (1 ug) or pCDNA3 RFC (pl40) (0.1, 0.5, 1 and 2 
ug) expression plasmids. Control RSV or pCDNA3 plasmids 
were included in all tranef ections such that each 
condition had the same level of each type of plasmid. 
Cells were harvested after 3 0 hours. Results shown are 
the means of three separate experiments. Standard 
deviations are shown. 

(B) U20S cells were transfected as in (A) with A20 CAT 
reporter plasmid (5 ug) and the indicated RSV RelA (5 ug) 
or pCDNA3 RFC (pi40) (0.5 ug) expression plasmide. 
Results shown are the means of three separate 
experiments. Standard deviations are shown. 

(C) U20S cells were transfected as in (A) with the Bax 
lucif erase reporter plasmid (1.5 pg) and the indicated 
pCDNA3 p53 (lOOng) or pC0NA3 RFC (p!40) (0.5 ug) 
expression plasmids. Results shown are the means of 
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three separate experiments. Standard deviations are 
shown . 

Figure 2 : RelA and p53 interact with RFC (p!40) . 

(A) Immunoprecipitated RelA binds in vitro translated RFC 
(pl40) , RelA was immunoprecipitated from nuclear protein 
extracts (200 pg) prepared from 293 cells transfected 
with a RelA expression plasmid. The immunoprecipitated 
complex was then used in a pull down assay with 
reticulocyte lysate translated RFC (pl40) . A sample of 
input material (10%) is shown in this and subsequent 
figures. 

(B) RFC (pl40) binds the Rel homology domain (RHD) of 
RelA. Purified GST, GST RelA (RHD) or GST RelA (428- 
551) , expressed in Escherichia coli and bound to 
glutathione agarose, were used in a pull down assay with 
reticulocyte lysate translated RFC (pl40). 

(C) Over expressed RelA co-iromunoprecipitates with RFC 
(pl40). Endogenous RFC (pl40) was immunoprecipitated 

.from, nuclear protein extracts (200 _ug) prepared, from _2?3 
cells transfected with either RSV RelA expression plasmid 
or a control plasmid. The immunoprecipitated complex was 
then resolved by SDS PAGE and immunoblotted with an anti- 
RelA antibody. PI = preimmune serum. 

(D) Endogenous RelA co-imraunoprecipitatea with RFC 
(pl40). Endogenous RFC (pl40) was immunoprecipitated 
from U20S cell nuclear protein extracts (3 00 ug) that had 
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been stimulated with TNF to activate endogenous NF-kB. 
The immunoprecipitated complex was then resolved by SDS 
PAGE and inununoblotted with an anti-RelA antibody, 

(E) overexpressed p53 co-immunoprecipitates with RFC 
(pl40). Endogenous RFC (pl40) was immunoprecipitated 
from nuclear protein extracts (200 pg) prepared from 293 
cells transfected with either pCDNA3 p53 expression 
plasmid or a control plasmid- The inuaunoprecipiate 
complex was then resolved by SDS PAGE and inununoblotted 
with an anti-p53 antibody. 

(F) Endogenous p53 co-immunoprecipitates with RFC (p!40) . 
Endogenous RFC (pl40) was immunoprecipitated from 293 
cell nuclear protein extracts (400 ug) . The 
immunoprecipitated complex was then resolved by SDS PAGE 
and immuoblotted with an anti-p53 antibody. 

Figure 3 : RFC (pl40) is specifically retained in a GST 
RelA (RHD) column. 293 cell nuclear protein extracts 
were passed over GST RelA (RHD) or GST control columns. 
The columns were then washed before a stepwise elution 
using buffer containing 75, 150, 300, 600 and 1000 mM 
Maci. Eluates were TCA precipitated, resolved by SDS gel 
electrophoresis and analysed by western blot using the 
antibodies indicated. A sample of input material (lOul) 
is shown. 
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Figure 4 : A dependent transactivation. 

(A) Schematic diagram showing different domains of RFC 

(pl40). 

(B) Western blot analysis of RFC (pl40) fragments Fl-4 . 
Nuclear extracts were prepared from 293 cells transfected 
with 5pg of pCGN RFC (pl40) fragment expression plasmids. 
Samples were resolved by SDS-PAGE and immunoblotted with 
12 CAS anti HA-antibody. 

(C) 10cm dishes of U20S cells were transfected with A20 
CAT reporter plasmid (5 yg) and the indicated RSV RelA (5 
pg) and pCGN RFC (pl40) fragment (5 ]iq) expression 
plasmids. Control RSV or CMV plasmids wero included in 
all transf ections such that each condition had the same 
level of each type of plasmid. Cells were harvested 
after 30 hours and assayed for CAT activity. Results 
shown are the means of three separate experiments. 
Standard deviations are shown. 

(D) 10cm dishes of U20S cells were transfected with Gal4 
E1B CAT reporter plasmid (5 \xq) , pCGN RFC (pi40) 
fragments (5 pg) expression plasmids and o.isng of pCDNA3 
Gal4, Gal4 RelA (aa 428-551) and Gal4 VP16 as indicated. 
Control pCDNA3 plasmids were included in all 
transf ections such that each condition had the same level 
of each type of plasmid. Cells were harvested after 3 0 
hours and assayed for CAT activity. Results shown are 
the means of three separate experiments. standard 
deviations are shown. 
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Figure 5 : Disruption of RFC (pl40) function results in 
Re 1A dependent induction of cell death. 

(A & B) lOcxn dishes of 293 cells were transfected with 
the indicated pVR1012 RelA (S ug in A, 0.5 [ig in B) and 
pCGN RFC (pl40) (5 yg in A r 0.5 ug in B) expression 
plasmids. control pVRl012 or CMV plasmids were included 
in all transf ections such that each condition had the 
same level of each type of plasmid. Representative 
fields of view are shown. Cell death was seen to occur 
between 48 and 72 hours after transf ection. 
(C) 29 3 cells were transfected as above with 5yg of 
expression plasmids..' 72 hours after transf ection cells 
were harvested ana stained with trypan blue. Living and 
dead cells were then counted in triplicate using a 
haemocytoroeter . The results from two separate 

experiments ;/ are shown. 

(D & E) y293 cells were transfected as above with 5ug of 
expression plasmids and whole cell lysates were prepared 
after' 48 hours but prior to cell death occurring. 
Extracts were resolved by SDS-PAGE and immunoblotted with 
either anti-HA antibody to detect RFC protein fragment 
expression levels (D) or anti-RelA antibody (E). 
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Figure 6 : siRNA mediated down regulation of RFC (pl40) 
levels inhibits endogenous NF-kB transactivation. 

(A) siRNAs directed against RFC (pl40) and RelA 
specifically inhibit the expression of their target 
proteins. Western blot showing the affect on RFC (pl4 0), 
RelA and p-actin proteins after treating HeLa 57A cells 
with the indicated siRNAs. eiRNAs used were a scrambled 
sequence control, two anti-RFC (pl40) siRNAs (A and B) 
and an anti RelA siRNA. 

(B) The affect of siRNA treatment on stimulation of an 
integrated NF-kB reporter plasmid by TNF a. HeLa 57A 
cells containing an integrated NF-kB reporter plasmid 
were treated with the indicated siRNAs. Cells were 
either left unstimulated or were subjected to TNF a 
stimulation (10 ng/ml) for 6 hours as indicated. 
Luciferase activity is expressed as fold activation 
relative to the level of activity seen in unstimulated 
cells with the scramble siRNA control. Results are the 
mean of three separate experiments and standard 
deviations together with fold activations are shown. 

(C) Treatment with anti RFC (pi4 0) siRNA does not affect 
IkB a degradation and resynthesis. HeLa 57A cells were 
treated as in (B) and whole cell lysates were prepared 
and subjected to western blot analysis with the indicated 
antibodies. 

(D) Treatment with with siRNAs does not affect cell 
viability. HeLa 57A cells were treated as in (B) and 
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were then stained with crystal violet. 

Figure 7 ; Mapping the sites of interaction between RelA 
and RFC (p!40) 

(A) RelA interacts with RFC (pl40) fragments Fl and F3. 
293 cell nuclear protein extracts were prepared from 
cells transfected with the indicated, HA tagged, 
fragments of RFC (pl40) or RFC (p37) . Equivalent levels 
of protein extract, in incubation buffer (IB) (20mM 
Hepes, pH 7.9, 2 . 5mM MgC12, ImM DTT, 0.1% NP-40, O.SmM 
PMSF, lmg/ml leupeptin, lmg/ml aprotinin and lmg/ml 
pepstatin A) containing 75mM NaCl, were passed over 0.4ml 
GST RelA (RHD) or GST control columns (prewashed with 20 
volumes if IB (7SmK NaCl) and 2 volumes of IB (1M NaCl)). 
The columns were then washed with 20 volumes of IB (75mM 
NaCl) before a stepwise elution in 500ml of IB containing 
75, 150, 300, 600 and 1000 mM NaCl. Eluates were TCA 
precipitated, resolved by SDS gel electrophoresis and 
analysed by western blot using an anti HA anitbody. A 
sample of input material (10ml) is shown. 

(B) RFC (pl40) binds the amino terminal sub domain of the 
RelA Rel homology domain. Purified GST RelA (1-97), GST 
RelA (1-196) or GST RelA (97-307), expressed in 
Escherichia Coli and bound to glutathione agarose, were 
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used in a pull down assay with reticulocyte lysate 
translated RFC (pl40) or luciferase control protein as 
indicated. 

Figure 8 : RFC (p!40) regulates RelA transactivation 
(A,B)RFC (pl40) stimulates RelA transcriptional activity. 
U20S cells were transfected with the 3 x kB ConA 
luciferase reporter plasmid (B) or ConA luciferase 
control plasmis (B) (1-5 jag) and the indicated RSV RelA 
11 pg) or pCDNA3 RFC (pl40) (0.1, 0.5, 1 and 2 ]ig) 
expression plasmids. Control RSV or pCDNA3 plasmids were 
included in all transf ections such that each condition 
had the same level of each type of plasmid. Cells were 
harvested after 30 hours. Results shown are the means of 
three separate experiments. Standard deviations are 
shown. 

(C) RFC (pl40) does not affect transfected RelA protein 
~ levels'. U2 OS" cell's "we're ^tran's f ected" as~ in" ~(A)~ however- 
after 30 hours, whole cell lysates were prepared and 
analysed by western blot analysis for RelA protein 
levels. 

(D) RFC (pl40) does not affect RelA DNA-binding. 10 cm 
dishes of 293 cells were transfected with RelA or RFC 
(pl40) expression plasmids (5 yg of each) either alone or 
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in combination as indicated. Nuclear protein extracts 
were prepared and analysed by electrophoretic mobility 
shift assay (EMS A) using a 32 P labelled oligonucleotide 
containing the Ig/HIV NF-kB binding site. The position 
of the RelA/DNA complex is indicated. 

Materials and Methods 

Plasroids 

The RSV RelA, GST RelA (RHD) and pCDNA3 Gal4 
plasmids have been previously described (11, 12). The 
pCDNA3 p53 expression plasmid was created by subcloning 
the p53 CDNA from plasmid pC53-SN3. The p53 cDNA was 
inserted into the BamHI site of the pCDNA3 polylinker. 
The pGL3 Bax luciferase reporter plasmid was supplied by 
Dr. T. Crook and originated in Dr. J. Reed's laboratory 
(Burnham Insititute, La Jolla, California) . The pVRl012 
RelA plasmid was obtained from Professor Gary Nabel 
(NIH) . pVR1012 is used with the permission of Vical Inc. 
The full length RFC (pl40) cDNA was isolated from human 
foreskin fibroblast cell RNA by RT PCR and inserted into 
the Kpnl site of pCDNA3 or pCGN, which inserted an HA tag 
at its amino terminus. Fragments of RFC (pHO) were 
isolated by PCR from the original clone and also inserted 
into the Kpnl site of pCGN. The A20 CAT reporter plasmid 
has been described previously (13). The 3 x kB ConA 
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luciferase reporter plasmid was provided by Professor Ron 
Hay (University of St. Andrews), 

Antibodies 

The polyclonal RFC (pl4 0) antibody was generated 
using a purified, His tagged, fragment of the protein (aa 
1-369) expressed in Escherichia coli. The antibody was 
raised in sheep by the Scottish Antibody Production Unit 
(SAPU) . RelA(p65) western blots and immunoprecipitations 
were performed with Santa Cruz Biotechnology antibodies 
sc-372 and sc-109 respectively. p300 western blots were 
performed with Pharmingen antibody 14991A. The Rad 50 
antibody was obtained from GeneTex (MS-RAD10-PX1) . The 
Rb, MSH2 and 6 antibodies were obtained from Santa Cruz 
Biotechnology (sc-50, sc-494 and sc-1243 respectively). 
The PC10 anti PCNA monoclonal antibody was purchased from 
Sigma. The HA tag antibody was obtained from Dr. Barbara 
Spruce (Dundee) . 

Transf ections and reporter assays 

Calcium phosphate transf ections of U20S and 293 
cells have been described previously (14). In this 
study , U20S cells were split the night before 
transfections took place and harvested after 30 hours. 
293 cells were split 2 hours before transfection and 
harvested/analysed after 48 hour6. 293 cells for cell 
death studies were grown in DMEM media with 10% 
unfiltered fetal bovine serum, Transfections for CAT and 
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luciferase assays were performed using 10 and 6 cm dishes 
respectively. CAT activity was assayed on 10-lOOug of 
protein prepared from whole cell lysates. For luciferase 
assays, lysates were prepared using passive lysis buffer 
(Promega) . Luciferase assays were performed according to 
manufacturer's instructions (Promega), All experiments 
were performed separately, a minimum of three times 
before calculating means and standard errors as shown in 
figures. Relative luciferase levels were calculated as 
the level of activity seen per ug of protein extract. 
Internal control reference plasmids (such as those 
encoding (3 galactosidase or renilla luciferase) were not 
included. When investigating transcription factor 
function, the promoters driving the expression of such 
internal controls are often affected by other components 
of the experiment and can lead to the incorporation of 
errors when data is calculated relative to their levels 
of expression. 

Nuclear protein extracts 

Nuclear protein extracts were prepared essentially 
by the method of Dignam, except in Fig 2D where nuclei 
were extracted in 150mM NaCl. 

GST pull downs and immunoprecipitations 

In vitro pull down assays and immunoprecipitations 
were performed as described previously (11, 15) . 
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Affinity chromatography 

293 cell nuclear protein extracts, in incubation 
buffer (IB) (20mM Hepes, pH 7.9, 2.5mM MgCl 2 , 1*M DTT, 
0.1% NP-4 0, 0,5mM PMSF, lpg/ml leupeptin, lpg/ml 
aprotinin and lug/ml pepstatin A) containing 75mM NaCl, 
were passed over 0.4ml GST RelA (RHD) or GST control 
columns (prewashed with 2 0 volumes if IB (75mM NaCl) and 
2 volumes of IB (1M NaCl) ) . The columns were then washed 
with 20 volumes of IB (75mM NaCl) before a stepwise 
elution in 500pl of IB containing 75, 150, 300, 600 and 
1000 mM NaCl. Eluates were TCA precipitated, resolved by 
SDS gel electrophoresis and analysed by western blot. 

Procedures 

To establish whether RFC (pl4 0) might regulate NF-kB 
the present inventors initially investigated whether the 
former might have any effect on RelA transcriptional 
activity. 020S cells were transfected with RFC (pl40) 
and RelA expression plasmids together with a 3x kB 
luclx" erase~ rapoT^elT^plarsml'cf; wKIcJT" contari'ns "" three "copies - 
of the consensus Ig/HIV NF-kB binding site upstream of a 
minimal ConA promoter. A significant and dose dependent 
increase of RelA transactivation was observed (Fig. 1A) , 
comparable to that typically seen with the p300 protein, 
a known coactivator of NF-kB (15) . The inventors next 
investigated whether a similar effect would be seen with 
a cellular promoter known to regulated by NF-xB. The A20 
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protein is an inhibitor of apoptosis whose promoter 
contains two NF-kB binding sites (13). Upon co- 
transfection with the A20 CAT reporter plasmid, full 
length RFC (pl40) again significantly enhanced RelA 
transactivation, although to a lesser extent than that 
seen with the artificial promoter (Fig. IB). These 
observations were consistent with previous reports 
suggesting that RFC (p!40) could function as a 
coactivator protein (16). We were interested therefore 
in whether RFC (pl4 0) would stimulate the transactivation 
function of any transcription factor. To investigate 
this, the inventors examined the effect of RFC (pl40) on 
the p53 tumour suppressor protein. In contrast to the 
results seen with RelA, however, RFC (pl40) repressed p53 
transactivation of the Bax promoter (Fig. 1C) . RFC 
(pl40) is not a universal coactivator protein, therefore. 
Moreover, stimulation of RelA and repression of p53 is 
consistent with both the pro-prolif erative and anti- 
apoptotic functions of RFC (pl40) . 

Stimulation of RelA transactivation by RFC (pl4 0) 
could conceivably occur through a number of different 
mechanisms. Some of these, such as indirect cell cycle 
effects or interactions with other coactivator a, would 
not require a direct interaction between the two 
proteins. The inventors next determined, therefore, 
whether RelA and RFC (pl40) could physically associate 
with each other. Significantly, both immunoprecipitated 
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RelA complexes and bacterially expressed GST RelA, bound 
to reticulocyte lysate translated RFC (pl40) (Fig. 2A & 
B) . This interaction was mediated by the amino terminal 
RHD of RelA, which has been shown to bind many 
heterologous transcription factors and coactivators (11, 
17, IS). This interaction was not significantly affected 
by the inclusion of ethidium bromide (to disrupt protein 
DNA interactions) , indicating that it does not result 
from fortuitous co-localisation on the same DNA fragment 
during incubation (data not shown) . Confirming the 
significance of this in vitro interaction, transiently 
transfected RelA was seen to co-immunoprecipitate with 
endogenous RFC (pl40) (Fig. 2C) . p300, a known RelA 
coactivator (15) , did not co-precipitate with the RFC 
(pl40)/RelA complex, suggesting these proteins 
independently regulate NF-kB activity (Fig. 2C) . 
Importantly, endogenous RelA and RFC (pl40) in nuclear 
extracts prepared from TNF stimulated U20S cells were 
also seen to associate (Fig. ID). Interestingly, both 

overexpres sed and e ndo genous p_53 also co- 

immunoprecipitated with RFC (pl40) (Fig. 2E 6 F) . A 
larger quantity of nuclear protein extract was used in 
Fig. 2F relative to Fig. 2E and the membrane was exposed 
to film for a longer period in order to detect the 
interaction between the endogenous proteins. While these 
results, together with those from Fig. 1, suggest a real 
and important interaction between p53 and RFC (pl40) , the 
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rest of this report focuses on the significance and 
consequences of the interaction with RelA. 

RFC (pX40) can associate with a number of other 
cellular proteins. To determine if these could also bind 
RelA, nuclear protein extracts, prepared from 
unstimulated 293 cells, were passed over a GST RelA (RHD) 
affinity column. As expected, RFC (pl40) was retained on 
the column (Fig. 3). No interaction was seen with Rb, 
PCNA and components of the BASC complex such as MSH2, 
MSH6 and RadSO (Fig. 3). Although it cannot be excluded 
that these proteins might associate with RelA through RFC 
(pl40), this experiment demonstrates both the specificity 
of this interaction and the potential for RFC (pl40) to 
independently regulate NF-kB. 

To study the role of RFC (p!40) in RelA induced gene 
expression further, the inventors investigated whether 
disrupting endogenous RFC (pl4 0) function would affect 
RelA transcriptional activity. To perform these 

experiments, a series of plasmids encoding RFC (pl4 0) 
fragments fused to the HA epitope, which might be 
expected to function as dominant negative inhibitors, 
were constructed (Fig. 4A) . RFC (pl40) Fl (amino acids 
1-3 69) encodes the amino terminus of the protein and has 
been shown to have a PCNA binding domain (19). RFC 
(pl40) F2 (amino acids 367-493) encodes a domain with 
homology to DNA ligases and has a BRCT domain, also found 
in BRCA1 and other proteins involved in DNA-repair (20) . 
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RFC (pl40) F3 (amino acids 4BO-882). also binds PCNA, 
contains the domain homologous to other RFC subunits, has 
an LXCXE motif required for binding to Rb together with a 
caspase 3 cleavage site (20, 21, 22). RFC (pl40) F3 has 
been previously shown to function as a dominant negative 
inhibitor of DNA replication in U20S cells (23). RFC 
(pl40) F4 (amino acids 728-1148) contains a domain 
required for association with other RFC subunits and also 
has two caspase 3 cleavage sites (20, 22) • Western blot 
analysis, using an anti HA antibody, demonstrated that 
all RFC fragments were expressed equivalent ly , apart from 
RFC (pl40) F4 where levels were slightly reduced (Fig. 
4B) . 

In contrast to the results seen with full length RFC 
(pl40) (Fig. 1), and consistent with a dominant negative 
role, RFC (pl4 0) Fl and F3 were both strong repressors of 
RelA transactivation (Fig. . 4C). In contrast RFC (pl40) 
F2 . and F4 had no effect on RelA transactivation* 
Demonstrating the specificity of these effects, no 
inhibition by these RFC (pl4 0) fragments was seen with 
Gal4 VP16 or Gal4 RelA (aa 428-551) (Fig. 4D) . Gal4 RelA 
(aa 428-551) contains the RelA carboxy terminal 
transactivation domain but lacks the Rel homology domain 
seen to interact with RFC (pl40) in Fig, 2B. 

The inventors next investigated whether coexpression 
of RFC (pl40) or the RFC (pl40) fragments, together with 
RelA might have a cooperative effect on proliferation and 
cell viability. To perform these experiments, both 
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proteins were over expressed in highly transferable 293 
cells. Initially, no effect was seen, however. 

Routinely, the fetal bovine serum used to grow these 
cells (and those used in the experiments described above) 
was filtered through a 0.2 pm membrane prior to use- It 
had observed elsewhere, however, that some cell types 
were more susceptible to stimuli inducing cell death when 
cultured in unf iltered serum (data not shown) . These 
experiments were repeated, therefore, with 293 cells 
cultured in unfiltered fetal bovine serum. There was 
still no observable effect on cell viability when full 
length RFC (p!40) and RelA, either alone or in 
combination, were expressed in 293 cells (Fig. 5A & B) - 
Similarly, when expressed alone, none of the RFC (p!40) 
fragments significantly affected cell viability (Fig. 5A- 
C), When co-expressed with RelA, however, a dramatic 
increase in cell death was observed with RFC (pl40) Fl 
and F3 (Fig. 5A-C) . Morphologically, these dead cells 
had the appearance of having undergone apoptosis, being 
shrunken and fragmented. These effects were seen over a 
range of transfected plasmid concentrations (ten fold 
less plasmid is used in Fig. 5B versus Fig. 5A) . 
Moreover, no significant effect on RelA or RFC (pHO) FI- 
FA protein level is seen when these proteins are co- 
transfected (Fig. 5D & E) . This effect on cell viability 
therefore represents a true co-operative effect and does 
not result from toxic effects resulting from over- 
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expression of either protein alone. 
Discussion 

In these examples , the present inventors have 
demonstrated that RFC (pl40) interacts with and regulates 
the transcriptional activity of both RelA and p53. While 
RFC (pl40) stimulates the activity of RelA it represses 
the activity of p53, however (Fig. 1) . Under many 
circumstances both proteins have contrasting functions 
with RelA being pro-proliferative and anti-apoptotic 
while p53 is anti-prolif erative and pro-apoptotic (24, 
25) . This observation would therefore be consistent with 
the reported anti-apoptotic and pro-prolif erative 
function of RFC (pl40) , By interacting with RelA and 
p53, RFC (pl40) can directly link the processes of DNA- 
replication and repair with apoptosis. NF-kB regulates a 
large number of genes in many cell types with great 
selectivity. The diversity of these genetic programs, 
and their often apparently contradictory, cellular 

^effects, has suggested that interactions with other 

proteins might provide part of the mechanism through 
which this specificity can be achieved. NF-kB has been 
previously linked with cell cycle regulation and can 
directly stimulate proliferation via the activation of 
proto-oncogenes such as c-Myc and cyclin Dl (26, 24). 
Conversely, NF-kB function is also sometimes associated 
with cellular differentiation and the cyclin dependent 
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kinase inhibitor p2 iWAFi/ciPi can stimulate RelA 
transact ivation indirectly through the p3 00 and CBP 
coactivator proteins (15, 27). This study therefore 
provides an additional and direct link between NF-kB and 
the proteins that control cell division that, in addition 
to the effects on cell death seen here, might also 
influence RelA's ability to selectively regulate the cell 
cycle. 

While we cannot rule out that indirect effects of 
RFC (pl4 0) contribute to the regulation of RelA and p53 
transact ivat ion, the physical association between these 
proteins suggests that they are mediated at least in part 
by direct effects on transcriptional activity. How RFC 
(pl40) accomplishes this, is currently not known, 
however. A number of proteins, including p53, BRCA1, 
TFIIH and p300, have multiple roles in transcription, 
replication and DNA repair (28, 29, 30, 31). Recently, 
RFC (pl40) has also been found to interact with and 
stimulate transactivation by C/EBPo (16) • By interacting 
with Rb (21), RFC (pl40) could also be expected to 
influence the function of transcription factors such as 
E2F. It is possible that RFC (pl40) , similar to p300 and 
CBP, might regulate the function of many DNA-binding 
proteins. Interestingly, while both RelA and p53 
interact with p3 00, no p3 00 was observed co-precipitating 
with the RelA/ RFC (pl40) complex, suggesting a distinct 
regulatory function (Fig, 2). 
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It was also found that disruption of RFC (pl40) 
function can result in RelA-dependent cell death (Fig. 
5), A role for RFC (p!40) as a regulator of programmed 
cell death has been previously suggested (20, 21, 22). 
Moreover, RFC (pl40) is a Bubstrate for caspases and is 
proteolytically cleaved during apoptosis (22). The 
present data is consistent with full length RFC (pl40) 
having an anti-apoptotic function, which is disrupted by 
the expression of dominant negative inhibitory fragments. 
It will be interesting to determine whether 
phosphorylation or other modifications of RFC (pl40) , 
leading to disruption of its normal function, might be a 
trigger for apoptosis to occur under some conditions. 

surprisingly, RelA induced cell death correlates 
with the ability of dominant negative RFC (p!40) 
fragments to inhibit its transcriptional activity (Fig. 
4). Furthermore, it was also found that to observe this 
effect on cell viability, it was important not to filter 
the fetal bovine serun used to grow the cells. These 
effects on cell death were observed with multiple batches 
of serum purchased from different companies (data not 
shown), indicating that this is not an aberrant result. 

This observation suggests that co-expression of RelA 
and RFC (pl40) Fl or F3 sensitises the cells to a factor 
present in the unfiltered serum. This sensitization 
cannot be due to just the repression of NF-kB activity by 
the RFC (pl40) fragments since a strong co-operative 
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effect is seen. It is possible that under these 
conditions, RelA is still capable of inducing (or 
repressing) the expression of selective endogenous genes, 
some of which will be capable of facilitating an 
apoptotic response. Alternatively, expression of RelA 
and the RFC (pl4 0) fragments might effect the activity of 
other transcription factors, which can then also 
contribute to this effect. Nonetheless, and although 
these observations are based on transcription factor 
overexpression, this experiment does reveal a novel 
pathway through which RelA and RFC (pl40) regulate cell 
viability. 

Aberrant activation of RelA is increasingly 
associated with many forms of cancer where its anti- 
apoptotic activity contributes towards the process of 
tumorigenesis (32). Furthermore, inhibition of apoptosis 
by RelA can reduce the effects of many chemotherapeutic 
drugs (33). The present results imply that disruption of 
RFC (pl40) might also represent a valid strategy for the 
treatment of cancer. Targeting RFC (pl40) would not only 
inhibit cellular proliferation but by switching RelA 
function to being pro-apoptotic, tumour cells might 
specifically be induced to undergo apoptosis. 
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Further experimental details 

(1) siRNA experiments 

Double stranded RNA molecules homologous to specific 
genes ( siRNAs also known as RNAi or interfering RNA) have 
recently been shown to result in the down regulation of 
their target full length mRNAs in human cells. 

si RNA (RNAi) oligonucleotides (double stranded RNA 
oligonucleotides) have been used to investigate the 
function of endogenous RFC (pl40) in HeLa 57A cells 
(these HeLa cells contain a chromosoroally integrated copy 
of the 3 x k8 ConA luciferase reporter plasmid used in 
transient transfection studies (see section 4 below) , 
These cells were obtained from Prof. Ron Hay, University 
of St Andrews (no MTA required). Transfection of siRNAs, 
homologous to a specific gene, into cell lines results in 
the specific down regulation of target mRNA and protein 
levels. 

Using two different siRNAs directed against RFC 
(pl40) with a scramble siRNA and RelA siRNA as controls, 
we have shown specific down regulation of endogenous RFC 
(pl40) protein in HeLa 57A cells (Fig. 6A) . 

RFC (p!40) siRNA sequences (sense strand only) 
RFC (p!40) A: GAAGGCGGCCUCUAAAUCA 
RFC (pl40) B: UGAUGAAG CCAUCG CC AAG 
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Control siRNA sequences used in the study 
Re 1A : GCUGAUGUGCACCGACAAG 
"Scramble": CAGUCGCGUUUGCGACUGG 

The primers were designed according to the 
guidelines at the following veb site 

http : / /www . ropibpc . gwdg . de/abteilungen/ 100/ 105/sirna , html 

This provides wore detail for the information 
provided in this reference 

Elbashir, S. M. , J. Harborth, W, Lendeckel, A, Yalcin, K. 
Weber, and T. Tuschl. 2001. Duplexes of 21-nucleotide 
RNAs mediate RNA interference in cultured mammalian 
cells. Nature 411:494-498, 

The siRNA sequences can essentially be homologous to 
any part of the mRNA. Since the whole protein becomes 
down regulated there is no need to target a domain. The 
rule for selecting them is to find an AA sequence 
(although it appears this might not be absolutely 
required) followed by 19 nulceotides with approximately 
50% GC content. So in a large protein there are many 
possible sequences. 

Using the HeLa 57A cells we have shown that down 
regulation of RFC (pl40) results in a significant 
inhibition of Tumour Necrosis Factor (TNF) alpha mediated 
activation of this reporter. TNF is a well established 
activator of endogenous NF-kB and our siRNA directed to 
the RelA(p65) NF-xB subunit also causes a more potent 
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(but still comparable) inhibition of this activation 
(Fig. 6B). 

IkB a degradation and resynthesis following TNF 
stimulation are unaffected in RFC (p40) siRNA treated 
cells (Fig. 6C) , This suggests that NF-kB activation is 
not affected by the RFC (pl40) siRNA. It also indicates 
that not all NF-xB target genes are affected by loss of 
RFC (pl4 0) synthesis since IkB a resynthesis is NF-xB 
dependent. 

These effects do not result from cell death. Cells 
treated in exactly the same way as those harvested for 
reporter gene assays show no defects in proliferation or 
cell death' as judged by crystal violet staining (Fig. 
6D) . As seen in our previous 293 cell cotransf ection 
experiments (in original patent application) , inhibition 
of RFC (pl40) by co-expression of dominant negative 
fragments does not appear to be intrinsically toxic to 
cells. This suggests that the role RFC (pl40) has been 
previously shown to perform as a replication factor can 
be HcompeTisate^Td " s tlTI"""* occur " 

with residual levels of the protein left after siRNA 
treatment (inhibition is not 100%). This suggests that a 
putative pharmacological inhibitor of RFC (p!40) or an 
NF-KB/RFC (pl40) interaction might not be intrinsically 
toxic to cells and would function specifically. The time 
of TNF treatment in these experiments is not sufficient 
to see induced cell death effects emerge, however. 
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These experiments are very significant. Previous 
functional results had relied on over expression of RFC 
<pl40) , RFC (p!40) fragments, the RelA NF-kB subunit and 
(apart from cell death experiments) transiently 
transfected NF-xB reporter plasmids. Here it has been 
demonstrated that endogenous RFC (pl40) regulates 
endogenous NF-kB with an integrated reporter. siRNAs 
directed against RFC (pi40) could therefore potentially 
be used as agents to manipulate RFC and NF-xB function in 
vivo. This data also suggests that other small molecular 
inhibitors that disrupt RFC (pl40) function directly 
(i.e. are not specifically designed just to disrupt the 
interaction between RFC (pl40) and RelA) could also be 
useful tools to manipulate the NF-xB response. 

(2) Mapping the site of interaction 

It has been demonstrated that a protein affinity 
column consisting of a glutathione s-transferase (GST) 
fusion to the RelA amino terminus (the first 304 amino 
acids comprising the rel homology domain (RHD) ) could 
interact with full length RFC (pl4 0) when a HeLa cell 
nuclear protein extract was passed over it. Using this 
technique, we have now shown that the fragments of RFC 
(pl40) Fl and F3, interact independently with the RelA 
RHD while F2 and another subunit of RFC (RFC (p37)) do 
not (Fig. 7A) . In this experiment, the cDNAs encoding 
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these protein fragments were epitope tagged and over 
expressed in 293 ceils- • Nuclear extracts were made from 
these transfected cells and then passed over the GST RelA 
affinity column. Bound proteins were eluted with a 
stepwise salt gradient and analysed by western blotting, 

(1) Fragments of RFC (pl40) . 

The inventors discovered that two fragments of RFC 
(pI40), designated Fl and F3 , affect RelA(p65) function 
as follows. 

(a) RFC Fl and F3 inhibit RelA transcriptional activation 
in a transient transfection assay with an NF-kB reporter 
plasmid in U2-OS cells. 

(b) RFC Fl and F3 synergise with RelA to induce cell 
death in 293 cells. 

Both of these RFC fragments can separately interact 
with RelA (see Fig. 7), Without wishing to be bound by 
theory it is probable, therefore, that they function by 
inhibiting the interaction .of RelA with endogenous, full 

iength^RFC ... (pl40 ). . It. i s_ a 1 s p__p_^ba b 1 e^ _ tha t_ they_ can 

also function as dominant negative inhibitors of other 
RFC (pl40) functions and F3 has been previously shown to 
be such an inhibitor (34). 

These RFC fragments (or derivatives such as smaller 
versions that do the same thing) could therefore be 
potentially used as therapeutic agents to manipulate the 
NF-xB response in vivo (possibly when expressed in 
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adenoviral vectors) * 

This experiment is significant since we had 
previously shown that RFC (pHO) fragments Fl and F3 were 
the fragments that inhibited NF-kB transcriptional 
activity and also synergised with RelA to induce cell 
death. These new results indicate that these fragments 
both independently interact with RelA. This suggests 
that the functional effects that we observe with these 
fragments derive., at least in part, from an ability of 
both fragments to disrupt the interaction between RelA 
and endogenous RFC (pl40) . 

The inventors have also found that the first, most 
amino terminal Sub domain (amino acids 1-196) of the RelA 
Rel Homology Domain (RHD) is sufficient for the 
interaction with full length RFC (pl4Q) in vitro (Fig, 
7B) . 

In addition the inventors have performed a number of 
experiments as controls for the original data presented. 

(a) It has have established that full length RFC 
(pl40) stimulates RelA transcriptional activity using a 
generic NF-xB reporter containing multiple NF-xB binding 
sites (3 x KB luciferase) in transient transfection 
experiments in U-2 OS cells (Fig- 8A) . The original data 
just used the promoter from the NF-kB regulated A20 gene. 
The effects seen with this new reporter are more 
pronounced than with the A20 promoter. It has also been 
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found that a control reporter plasmid (same plasmid 
backbone as the 3 x kB lucif erase plasmid but lacking the 
NF-kB binding sites) is not activated by RFC (pl40) (Fig. 
8B) . These results show that the effects of RFC (pl40) 
are specific. It has been shown that co-transf action of 
RFC (pl40) does not affect RelA expression levels (Fig. 
8C) or DNA-binding in an electrophoretic mobility shift 
assay (EMSA) (Fig. 8D) . These data support the idea that 
RFC (pi4 0) stimulates RelA transcriptional activity- 
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CLAIMS 

1) An inhibitor of RFC <pl4 0) activity for the 
treatment of a medical condition by the inducement of 
apoptosis of cells involved in the medical condition . 

2) The inhibitor according to claim 1 wherein the 
inhibitor inhibits the interaction between RFC (pl40) and 
RelA. 

3) The inhibitor according to claim 1 or 2 wherein the 
inhibitor inhibits the activity of a complex between RFC 
(pl40) and RelA. 

4) ' The inhibitor according to claim 1 wherein the 
inhibitor is an inhibitory fragment of RFC (pl40) . 

5) The inhibitor according to claim 4 wherein the 
inhibitor is an inhibitory fragment of RFC (Fl) or RFC 
(F3), or derivatives thereof • 

6) The inhibitor according to any one of claims 1 to 3 
wherein the inhibitor is an SiRNA nucleic acid 
corresponding to a portion of the RFC (pU0)^ mRNX 
sequence or RelA mRNA sequence. 
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7) The inhibitor according to claim 6 wherein the SiRNA 
nucleic acid consists essential of the sequence (sense 

strand only) : 

GAAGGCGGCCUCUAAAUCA or 
UGAUGAAGCCAUCGCCAAG 

8) The inhibitor according to any preceding claim 
wherein the medical condition is cancer, particularly 
breast cancer. 

9) The inhibitor according to any one of claims 1-7 
wherein the medical condition is a proliferative disease, 
particularly a proliferative skin disease, 

10) The inhibitor according to any one of claims 1-7 
wherein the medical condition is an inflammatory disease, 
particularly rheumatoid arthritis or inflammatory bowel 
disease* 

11) The inhibitor according to any one of claims 1-7 
wherein the medical condition results from viral 
infection, such as by human immunodeficiency virus, 

12) The inhibitor according to any one of claims 1-7 
wherein the medical condition is a neurodegenerative 
disease, such as Alzheimer's disease. 
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13) A pharmaceutical composition which comprises an 
inhibitor according to any one of claims 1-7 and a 
pharmaceutical^ acceptable carrier. 

14) Use of any inhibitor .according to any one of claims 
1-7 for the manufacture of a medicament for use in 
therapy • 

15) A method of screening for an agent for inducing 
apoptosis, which comprises assessing a compound for its 
ability to inhibit RFC (p!40) . 

16) A method of identifying an inhibitor capable of 
inhibiting an interaction between RFC (14) and RelA, or 

.an activity of a complex between RFC (pl40) and RelA, 
comprising the steps of: 

a) providing a mammalian cell capable of expressing 
RelA ? 

b) expressing RelA; and 

c) adding a test compound to said cell and observing 
whether or not said test compound causes cell death to 
occur • 

17) The method according to claim 16 further comprising 
the step of adding said compound to a control cell not 
over-expressing RelA and comprising an effect of said 
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compound on cell death of said cell with the effect on 
the cell expressing RelA. 

18) The method according to claims 17 or 18 wherein said 
cell expressing RelA is a 293 cell transiently 
transfected with RelA or a 293 cell containing a 
chromosomally integrated RelA expression construct. 

19) The method according to claim 18 wherein expression 
of RelA is under the control of an inducible promoter • 

20) The method according to any of claims 16 to 19 
wherein the cells is present in unfiltered serum. 

21) An in vitro assay for detecting inhibition of 
RelA/RFC (pl40) interaction comprising the steps of: 

a) contacting RelA or RFC (pl40) , an Fl or F3 fragment 
thereof with a substrate; 

b) optionally blocking with non-specific proteins; 

c) adding RFC (pl40) , Fl or F3, or RelA respectively 
under condition which would allow interaction with the 
corresponding protein; and 

d) adding a test compound at the same time as step c) , 
or subseguently and observing any effect said compound 
has on an interaction between RelA and RFC (pl40) , or 
said Fl or F3 fragment thereof* 
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